health. [5] [6] [7] [8] However, whether these pieces of evidence truly amount to childhood circumstances being important for the integrated phenomenon of adult social inequalities in health has, to our knowledge, not been specifically examined. Therefore, the present study set out to investigate whether, and to what degree, social conditions during childhood explain income inequalities in metabolic syndrome in mid-adulthood.
Early life matters for future life chances, by intergenerational transmission of educational attainment and wealth, and subsequent occupational and financial conditions. 3, 4 Within life course epidemiology, childhood socioeconomic conditions have been linked to adult risk factors such as obesity and metabolic syndrome, and to cardiovascular outcomes including morbidity and mortality, 5, 6, 8, 9 although this also seems to be disease-specific and vary across contexts. 7, 8 To explain such links, explanatory life course models have been formulated: (i) a 'sensitive life course model' 6, 10 hypothesizes that childhood social conditions have an enduring impact on health independent of adult social conditions, whereas (ii) a 'social chain of risk life course model' 10 instead posits an importance of intergenerational transmission from parent to offspring, and with adult social conditions standing for the immediate health impact.
Whereas childhood circumstances thus appear to be important for both adult socioeconomic conditions and adult health, this does not necessarily equate to childhood contributing to the compound phenomenon of social inequalities in adult health. Indeed, despite the widespread and established belief that this is the case 1,2 it has not, to our knowledge, been subject to empirical examination. This knowledge gap may partly be stemming from the common mix-up of determinants of health with determinants of health inequalities. 11 In addition, conventional regression models are poorly suited to handle complex outcomes such as inequality measures, and more appropriate techniques such as decomposition analysis of the concentration index 12 are still relatively rare within epidemiology. The present study aimed to examine the contributions of childhood socioeconomic conditions to income-related inequalities in mid-adult health in Northern Sweden, with and without consideration of adulthood conditions. Metabolic syndrome was chosen as health outcome since it, and similar outcomes, have been shown to relate to disadvantageous circumstances during upbringing in Northern Sweden and in other contexts, 9, [13] [14] [15] [16] [17] [18] and may therefore be appropriate for the question of early life roots of adult health inequalities.
Methods

Study population and data
Participants comprised all 40-and 50-year-old women and men who participated in the regional Västerbotten Intervention Program (VIP) in Northern Sweden in 2008-10 (N = 12 481). Health measures from the examinations performed as part of the VIP program 19 were used to operationalize metabolic syndrome (waist circumference, blood pressure, high-density lipoprotein cholesterol (HDL-C), triglycerides and oral glucose tolerance). The VIP program design, activities and response rates have been described elsewhere. 19, 20 Health measures from VIP were linked to national register data from Statistics Sweden through the Umeå SIMSAM Lab microdata infrastructure. 21 As shown in figure 1 (see supplementary data), register data covered current socioeconomic conditions of the participants at age 40 and 50 years in the year of participation (2008, 2009 or 2010) , as well as childhood conditions measured through the parents when the participant was 10-12 years of age (1970 and 1980, respectively) .
Due to internal drop-out, the effective sample for the main analyses was 10 612 individuals (85% of the original sample).
Variable definition
Metabolic syndrome
Metabolic syndrome (1 = present; 0 = absent) was operationalized using the definition of the International Diabetes Federation, 22 Figure 1 Overview of the design, measures and data sources by year (x axis) and age (y axis) of participants which include the following criteria: (i) waist circumference !80 cm for women and !94 cm for men; and (ii) two or more of the following four criteria: (a) increased triglycerides (!1.7 mmol/l) or specific treatment for that lipid abnormality; (b) reduced HDL-C (<1.29 mmol/l for women and <1.03 mmol/l for men) or specific treatment for that lipid abnormality, (c) increased blood pressure (systolic blood pressure [SBP] !130 mmHg or diastolic blood pressure [DBP] !85 mmHg) or treatment of hypertension, (d) increased fasting glucose (!5.6 mmol/l) or diagnosed type 2 diabetes.
Individual socioeconomic status
The socioeconomic indicator used to rank the population was total earned income measured in the year of participation (2008/ 2009/2010) . This measure covers all taxable earnings of an individual over the course of any given year, but not income from capital.
Determinants of health inequalities
Determinants of inequalities included current and childhood socioeconomic conditions with plausible links to metabolic syndrome and to individual financial conditions: 9, 23, 24 Current socioeconomic factors were measured at the year of participation (2008/2009/2010) and included: age (40/50 years); income (quintiles); education (post-secondary education/secondary education/compulsory education); occupation (managers and upper professionals/middle non-manual/low non-manual/skilled manual/ unskilled manual); immigration status-if the individual had migrated to Sweden at any time after birth-yes/no); civil status (married/unmarried/divorced or separated/widowed) and having children in the household (yes/no).
Childhood socioeconomic factors at age 10-12 years comprised: paternal and maternal income (quartiles, due to high percentage of mothers with no income) and education (post-secondary education/ secondary education/primary education); civil status (married/ unmarried/divorced/widowed); citizenship (Swedish/non-Swedish); unemployment benefits (yes/no) and sick benefit (no known benefits/low benefits: <90th percentile [<4289 SEK per year)/high benefits: >90th percentile (>4290 SEK per year)].
Statistical analysis
Drop-out analysis
Median income of the present sample differed by <2% from official statistics of the Västerbotten population for both genders. Internal drop-out (N = 1869) was mostly explained by incomplete health data. Missing women reported slightly less frequently living with children in the household (57% vs. 61% P = 0.004), while missing men slightly more often reported to be immigrants (10% vs. 7% P = 0.04). However, there were no differences with regard to any of the childhood conditions or for current sociodemographics (all P values > 0.10).
Inequality analysis
Inequality was measured by the concentration index (C), using income as the socioeconomic indicator and metabolic syndrome as the health outcome. The concentration index is expressed as follows: 12 (1)
Where h i is the outcome of interest; is the mean or proportion of h; n is the number of people and Ri is the rank of individuals according to their socioeconomic status, from the most disadvantaged to the least disadvantaged. The value of the C can vary between À1 and +1, where a negative (positive) value indicates that the outcome is concentrated among individuals with relatively low (high) income, and C equals zero under perfect equality. As the health outcome was binary, we applied the normalization proposed by Wagstaff et al. 12, 25 to the concentration index and to the decomposition.
To estimate the contribution of current and childhood conditions to the health inequalities, a Wagstaff-type decomposition analysis of the C was used. 12 Based on regression analysis of a health variable on a set of k determinants, for any linear additive regression model of health (y), such as:(2)
the concentration index for y, C, can be written:(3)
Where is the mean of y (outcome), X k is the mean of X k (determinants), C k is the concentration index for X k (defined analogously to C), and GC " is the generalized concentration index for the error term ("). C is equal to a weighted sum of the concentration indices of the k determinants, where the weight for X k is the elasticity of y with respect to X k . The residual component GC " / reflects the socioeconomic-related inequality not explained by systematic variation in the determinants across socioeconomic groups. 12 To handle the non-linear outcome, a probit model with marginal/ partial effects evaluated at sample means was used to calculate the contributions of the k determinants. 12 Decomposition analyses were run with the concentration index of metabolic syndrome as the dependent variable. In model I, childhood conditions measured as maternal/paternal income and education were entered as independent factors; in Model II, maternal/paternal civil status, citizenship, unemployment and sick benefits were added; and in Model III, adulthood conditions were added. All analyses were performed on women and men separately to capture gender-specific patterns. 9 Rerunning the analyses with only maternal and only paternal factors led to similar general inferences (data not shown).
Ethical considerations
This study was conducted as part of the Umeå SIMSAM Lab research, approved by the Regional Ethics Committee in Umeå (2010-157-31Ö ).
Results
The characteristics of the study population are shown in table 1. Metabolic syndrome was more prevalent among men (33.4%) than among women (25.1%). Women were better educated than men, but at the same time had lower income and less frequent managerial positions. Childhood/parental conditions were fairly similar between women and men.
The concentration indices of metabolic syndrome (reported as 'Inequality (total)' in the bottom row of tables 2 and 3) were negative, indicating that this condition was concentrated among the less affluent population, with larger inequalities among women (C = À0.160; CI 95%: À0.124, À0.197) than among men (C = À0.082; CI 95%: À0.049, À0.115). In next step, these concentration indices were decomposed by childhood and current socioeconomic conditions.
The contribution of each determinant to the concentration indices are reported in table 2 (women) and table 3 (men), and visualized in figure 2 (see supplementary data). Estimates can be read as follows: e.g. in table 2 model I, women with fathers in the lowest income quartile had a 4.7% higher probability of having metabolic syndrome than women with fathers in the highest income quartile, when all other variables were held constant ('Coeff'). The elasticity (frequency weighted coefficient) for this category was 0.041 ('Elast.') and it was concentrated among lower income women in mid-adulthood (a negative CI of À0.102; 'CI'). By multiplying the values in the 'Elast.' and 'CI' columns, this group's contribution to inequality amounts to À0.004 ('Cont to C'), thus constituting 2.6% of the total C of À0.160 (the bottom of 'Cont to C' column). The interpretations presented below focuses on the joint contributions of childhood conditions.
In women, childhood socioeconomic conditions as parental income and education jointly explained 9.2% of the adult income inequality in metabolic syndrome (Model I), which increased to 9.6% when adding further parental sociodemographic variables (Model II). The most important contribution came from paternal education and income, followed by maternal education and civil status (Model II). By adding current sociodemographic factors in middle-age (Model III) the joint contribution of early life conditions was moderately reduced (from 9.6% to 6.0%) but with paternal income, education and maternal civil status still contributing. The addition of current factors also revealed a considerable contribution of particularly own income and to a lesser degree of educational level. Table 2 Women income-related inequalities in metabolic syndrome decomposed by childhood and current socioeconomic factors 
À0.6
Post-secondary Coeff, marginal effects from the probit model; Elast, elasticity; CI, concentration index of the social determinants; Cont to C, contribution to the overall concentration index; %, unadjusted percentage calculated on the overall explained portion of the C; Adj %, adjusted percentage calculated on the total explained portion that make contributions in the same direction of the overall concentration index. P<0.05.
Coeff, marginal effects from the probit model; Elast, elasticity; CI, concentration index of the social determinants; Cont to C, contribution to the overall concentration index; %, unadjusted percentage calculated on the overall explained portion of the C; Adj %, adjusted percentage calculated on the total explained portion that make contributions in the same direction of the overall concentration index.
In men (table 3) , parental socioeconomic conditions together explained a slightly smaller fraction of the health inequalities than in women (7.0% and 7.4%-Model I and II, respectively). For the individual contributions in Model I and II, the most important contributor was maternal education, followed by paternal income and education, whereas maternal civil status and income were of less importance. The addition of current conditions in men removed all explanation attributable to childhood conditions (Model III). In contrast to women, current education was more important than income for explaining the inequalities in men.
Discussion
To our knowledge, this is the first study specifically examining whether, adult social inequalities in health are explained by socioeconomic conditions in early life. Firstly, we found that despite men having higher prevalence of metabolic syndrome, women displayed larger health inequalities. Secondly, although individual contributions of childhood factors were small, their joint contribution was not insubstantial and accounted for 7-10% of the adult health inequalities; in women independently of, and in men completely dependent on, adult conditions. Thus, although current socioeconomic conditions were by far more important for adult health inequalities, our findings indicate that health inequalities indeed are partly rooted in the past, and with different patterns for women and men.
The findings of higher socioeconomic disparities in metabolic syndrome among women are in accordance with previous studies. 26, 27 Our findings also expand previous research demonstrating that childhood conditions predict adult metabolic syndrome; 9,13-15 whereas explaining health is different from explaining health inequalities, the greater inequalities and childhood contribution in women compared to men mirror previous reports on a stronger link in women between early life socioeconomic conditions and both metabolic syndrome 9 and obesity. 5, 28 These findings could possibly also be heuristically expressed within the frame of life course models, where the findings in women are analogous to a sensitive period life course model, with a long-term impact of early life conditions irrespective of how life turns out in adulthood. 10 In contrast, the findings in men are more consistent with a social chain of risk life course model. 10 Although the specific social chains responsible for this finding were not examined in this study, they likely involve the intergenerational transmission of social inequalities from parent to offspring, which then track across the individual life course.
It is important to emphasize that our results also demonstrate that current factors play a considerably larger independent role in adulthood health inequalities than do childhood factors, even taking possible mediation into account. The important role of adulthood income and education in explaining inequalities in metabolic syndrome, as well as the different effects of these factors among women and men, have been identified before. 26, 27 These findings suggest that the structural problem of income inequality should be addressed, and gender differences taken into account when designing and implementing social policies and preventive interventions.
Our findings thus give a glimpse of how the social inequalities of the parental generation can reappear as health inequalities in the current adult population. This process could be understood as an example of embodiment: 29, 30 societal arrangements (macro phenomenon of social inequalities of parent generation), which by a pathway of embodiment (micro phenomenon of intergenerational transmission of social conditions from parents to offspring) eventually become biologically incorporated by the individual life courses (micro phenomenon of health impact) and thereby contribute to population patterns of disease decades later (macro phenomenon of health inequalities in the offspring generation). It is however worth noting that the childhood socioeconomic conditions seen in this study reflect specific features of the Swedish society during the 1970s and 1980s (e.g. with less participation of women in the labour market).
Together, the findings imply that a life course approach may be helpful for understanding and addressing social inequalities in adult health. 1 A life course approach to health inequalities would also comprise exploring the life-course underpinnings of health inequalities more broadly, e.g. the dynamics of inequalities and determinants across the life course 31 and the role of social inequalities during adolescence and young adulthood in entrenching the health inequalities later in life.
Methodological considerations
The main strengths of the present study are the longitudinal design, a large sample, the multiple sources of linked data as well as the use of a novel statistical approach.
The study population is a sample of the total population of Västerbotten aged 40 or 50 years in 2008-10, namely those who participated in VIP. Previous investigations of the participation and non-response have found that men, immigrants and financially disadvantaged people are slightly underrepresented in VIP relative to the population of Västerbotten. 20 In the present sample, however, the median income was similar to population values and there was little evidence of serious selection bias due to incomplete data, and most importantly not with respect to income or the key exposures in childhood. Nevertheless, the extent of selection bias is ultimately unknown.
The biological measurements were all following standard procedures, 19 metabolic syndrome was operationalized according to established criteria 22 and the socioeconomic and demographic factors were retrieved from registers, which ensures their accuracy and precision. However, the income variable only comprises individually earned income and does not take into account non-taxed earnings, wealth or shared income from family members. The selection of childhood factors was limited to those available in Umeå SIMSAM lab, and it is likely that a more comprehensive set of variables, e.g. child health, family relations and material conditions, would have made additional contributions.
Regarding the analysis, the decomposition technique cannot provide causal inference, does not identify mediating pathways, 12 and also relies on linear models. In our case, we used the Wagstaff correction 12, 25 for both the concentration index and the decomposition analysis to handle the non-linear outcome, however, other correction methods also exists to deal with binary outcomes, 32 which possibly could lead to different estimates than those of the present report. Another weakness of the method is the lack of support for confidence intervals for some point estimates, such as the adjusted percentage, which would have been illustrative.
Conclusion
This study suggests that adult social inequalities in health indeed are partly rooted in the past-in social inequalities of the parental generations during childhood-and that the means by how these early roots are manifested in adulthood differ between women and men. Although the influence of early life conditions to adult health inequalities was considerably smaller than that of current conditions, the study suggests that early interventions against social inequalities potentially could reduce social inequalities in health in the adult population for decades to come. The study also exemplifies the need for a life course approach to the study of and action against social inequalities in health.
Supplementary data
Supplementary data are available at EURPUB online. 
Key points
Early life conditions have an established influence on both socioeconomic conditions and health in adulthood. However, no study has directly examined whether childhood circumstances also contribute to the integrated phenomenon of adult social inequalities in health. This study demonstrates that income inequalities in health are partly rooted in social inequalities of the parental generations Still, the contribution of current conditions to adult health inequalities is considerably greater than that of childhood conditions. Interventions against social inequalities in childhood have the potential to prevent social inequalities in health in the adult population for decades to come.
